Aloe vera L. high molecular weight fractions (AHM) containing less than 10 ppm of barbaloin and polysaccharide (MW: 1,000KD) with glycoprotein, verectin (MW 29KD), were prepared by patented hyper-dry system in combination of freeze-dry technique with micro wave and far infrared radiation. AHM produced significant decrease in blood glucose level sustained for 6 weeks of the start of the study. Significant decrease in triglycerides was only observed 4 weeks after treatment and continued thereafter. No deterious effects on kidney and liver functions were apparent. Treatment of diabetic patients with AHM may relief vascular complications probably via activation of immunosystem.
Introduction
Type 2 Diabetes Mellitus (T2DM) is one of the primary threats to human health due to its increasing prevalence, chronic course and disabling complications. Synthetic hypoglycemic drugs cannot fully control glucose level as well as cause side effects prompting the patients stop taking the medication. Aloe vera is widely distributed Liliaceae plant in tropical regions and cosmetic and medicinal products are made from the mucilaginous tissue in the centre of the Aloe vera called Aloe vera gel. The peripheral bundle of sheath cells produce intensely bitter, yellow latex, commonly termed aloe juice, or sap or aloes. Unlike aloes, Aloe vera gel contains no anthraquinones, which are responsible for the strong laxative effects of aloe. The pharmacological actions of Aloe vera was studied in vitro or in vivo (in most cases the total leaf extract was used), include antiinflammatory, anti-arthritic, antibacterial and hypoglycemic effects (1) . Aloe vera is a medicinal plant that is claimed to have hypoglycemic effect with fewer side effects and less expensive without toxicity (2) . The hypoglycemic efficacy of aloe gel was confirmed in streptozotocin-induced diabetic rats (3) . However, acute and subchronic toxicity studies of aloe gel (4) showed no toxic effect when lyophilized aloe gel was administered orally to albino rats at doses 1, 4, 16, or 64 mg/kg body weight twice daily, and the study revealed that the LD50 is over 5g/kg body weight. Studies in mice showed no acute toxicity in therapeutic doses; however in high doses a decrease of CNS activity was observed (5) . No changes in levels of serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), blood urea nitrogen (BUN) and creatinine were observed (6) . Another study showed the same result with fresh and preserved Saudi Pharmaceutical Journal, Vol. 17, No. 3 July 2009 aloe gel (7) . All these findings led us to conduct a clinical study to investigate the efficacy of Aloe vera high molecular weight fractions (AHM) prepared by the patented hyper-dry technique in the treatment of T2 DM.
Materials and Method

Extraction and preparation:
Aloe vera gel high molecular weight fractions (AHM) were obtained from water-washed gel part of Aloe vera leaves cultivated in Okinawa, Japan. Voucher specimens of Aloe vera collected in Okinawa, were compared and determined to be Aloe vera L. 
Patients:
The study protocol was approved by the committee for approval of the use of human in research of Tanta University (equivalent to the Institutional Review Board). The protocol of the study was explained to the patients and they agreed to participate by signing a written consent form. All procedures used in the protocol were in accordance to the Helsinki Declaration.
Fifteen patients (nine males and six females) with T2DM uncontrolled with their oral hypoglycemic medication (metformin 500 mg twice daily and glibenclamide 5 mg twice daily) were enrolled in the study. They were selected from the outpatient clinic of the Internal Medicine Department, Tanta University, Egypt. They were selected for the study using the following criteria: 
Consent of patients:
We obtained the consents of the patients to this treatment by document or word of mouth by free will through explaining the contents to them before preceding the enforcement of this treatment. In addition, we obtained the consent from the patient's family if the patient was unable to judge through Hospital Committee. The research followed guidelinees of the Declaration of Helsinki and Tokyo for humans.
Design:
Before administering AHM, each patient's body mass index was calculated (BMI=kg/m 2 ), systolic and diastolic blood pressure were measured. All the patients received two tablespoonful (0.05 g) of AHM three times daily for twelve weeks and continued taking their hypoglycemic medications. Blood samples were analyzed for fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), triglycerides (TG), cholesterol, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT) and serum creatinine before the study. Blood samples were obtained again weekly for measurement of FBG, and every 2 weeks for TG and cholesterol analysis. The (HbA1c) values were evaluated every 4 weeks, while serum activities AST and ALT and serum creatinine levels were determined at the end of the study.
Serum determinations:
Fasting blood glucose was determined by glucose oxidase technique (10), using kits obtained from Stanbio Laboratory, Inc. San Antonio, Texas. The reaction depends on the enzymatic oxidation of glucose to gluconic acid and H 2 O 2 . The formed hydrogen peroxide reacts under the influence of peroxidase with phenol and aminophenazone to form red-violet quinoneimine dye measured colorimetrically, using UV-160A Shimadzu Spectrophotometer.
Serum AST and ALT activities were assayed according to the method of Reitman and Frankel (11), using kits obtained from Quimica Clinica Aplicadea S.A. Amposta/Spain. The ketoacids produced by the enzyme action reacts with 2,4-dinitrophenylhydrazine producing hydrazone complex measureed colorimetrically at 505 nm.
Serum creatinine was measured according to Heinegard and Tiderstrom method (12), using kits obtained from Stanbio Laboratory, Inc. San Antonio, Texas. Creatinine in picric acid protein free solution reacts with alkali to form reddish-brown complex measured colorimetrically at 520 nm.
Serum total cholesterol was determined using kits obtained from Stanbio Laboratory, Inc. San Antonio, Texas. After enzymatic hydrolysis of the cholesterol ester, the free cholesterol was oxidized with cholesterol oxidase. The produced H 2 O 2 reacts with phenol and aminophenazone to form red quinineimine dye measured colorimetrically at 500 nm (13) .
The triglycerides were determined using kits obtained from Reactivos Spinreact, S.A. The triglycerides were enzymatically hydrolyzed to glycerol which phosphorylated by ATP and oxidized to H 2 O 2 . The intensity of the final red color is proportional to the total triglycerides concentration which measured at 505 nm (14) .
Glycosylated Hb (% of total Hb) was measured by chromatographic spectrophotometric method according to Bisse and Abraham method (15), using kits obtained from Biosystems S.A. Barcelona (Spain).
Statistical analysis:
Student's paired t-test was used to determine the difference in biochemical changes between the patients before and after the administration of AHM. *P< 0.001.
Results
1
H NMR studies showed that AHM have polysaccharide moieties with acetyl group in contamination of malic and citric acid by comparison of chemical shifts with those of International Aloe Science Council data base. On 13 C NMR study AHM is proved to contain acetyl group in polysaccharide moiety, suggesting that acetyl group was preserved by patented hyper-dry technique.
The demographic parameters of the patients are shown in Table 1 . The BMI values calculated for each patient showed that all the patients were over weight. Blood pressure measures showed that none of them was hypertensive. No alterations in the patient's blood pressure or a significant change in their body weight could be detected during the study. There were no adverse effects reported by the patients due to the intake of AHM. It was well tolerated and there were no complaint about its taste or smell. Treatment the patients with AHM for twelve weeks with their oral hypoglycemic agents resulted in a significant decrease in fasting blood glucose by 32% compared to before administration (P<0.001). (Figure 1 ) Figure 1 . Effect of treatment with Aloe vera gel on the serum level of fasting blood glucose, triglyceride, and cholesterol (mg/dl) in type 2 diabetic patients uncontrolled with their oral hypoglycemic medications.
-Data are expressed as mean ± SD. *indicates significantly different from corresponding values before AHM administration for twelve weeks (p < 0.001). Before: = before AHM administration. After = after AHM administration for twelve weeks.
The decrease in blood glucose level was significant and sustained after 6 weeks from the start of the study (Figure 2 ). The triglycerides level was decreased significantly 35% compared to before treatment with AHM (P<0.001) (Figure 1) , the decrease was significant after 4 weeks and continues to fall throughout the study (Figure 3) .
Treatment the patients with AHM with their oral hypoglycemic agents didn't result in any change in cholesterol levels compared to before the treatment (Figure 1 ). -Data are expressed as mean ± SD. Before = before AHM administration. After = after AHM administration for twelve weeks.
Discussion
The present study aimed to evaluate the hypoglycemic effect of Aloe vera in diabetic patients uncontrolled with their hypoglycemic medications. Administration of AHM (0.05gm) three times daily for twelve weeks concurrently with the oral hypoglycemic drugs resulted in significant decrease of the fasting blood glucose level. The decrease in blood glucose level was significant and sustained after 6 weeks of the start of the study. HbA1c value was reduced, a gold standard that confirms a long range level of the blood glucose, confirming the hypoglycemic effect of AHM. This results are correlated with other reports that confirm the hypoglycemic effect of aloe in experimental animals (16) (17) (18) .
The anti-diabetic effects of dietary administration of Aloe arborescens Miller components on multiple low-dose streptozotocin-induced diabetes in mice were investigated. The mice were fed ad libitum with basal diets supplemented with components of Aloe vera. There was no significant effect on the blood glucose level with Aloe vera leaf pulp powder. On the contrary, the whole aloe leaf significantly decreased the blood glucose level (16) .
It has been reported that Aloe vera gel and its derived phytosterols have a long-term blood glucose level control effect and would be useful for the treatment of type 2 diabetes mellitus (17) .
The anti-diabetic activity of Aloe excelsa on male albino rats was also studied. The study showed that the Aloe excelsa powder produced a dosedependent reduction in blood glucose levels (18) .
Our results are in accordance with the clinical trial on the anti-diabetic activity of Aloe vera juice by Yongchaiyudha et al (19) , who suggests the potential use of Aloe vera as an anti-diabetic agent. Agarwal (20) conducted a clinical trial on 5000 patients with angina pectoris. He found that adding aloe gel to the diet produced marked reduction in total cholesterol, triglycerides, fasting and postbrandial blood sugar levels in diabetic patients.
In the present study, AHM administration produced a significant decrease in the level of triglycerides, the decrease was significant after 4 weeks and continued to fall throughout the study, however, cholesterol level didn't change. These result was in accordance with that obtained by Rajasekaran et al and Lim et al (21& 22).
Rajasekaran et al (21) studied the oral administration of Aloe vera gel extract at a dose of 300 mg/kg body weight per day to STZ-induced diabetic rats for a period of 21 days. They found that it resulted in a significant reduction in fasting blood glucose, hepatic transaminases (AST and ALT), plasma and tissue (liver) cholesterol, triglycerides, free fatty acids and phospholipids and a significant improvement in plasma insulin. In addition, the decreased plasma levels of high-density lipoproteincholesterol and increased plasma levels of lowdensity lipoprotein-and very low-density lipoproteincholesterol in diabetic rats were restored to near normal levels following treatment with the extract. Furthermore, they analyzed the fatty acid composition of the liver and kidney and found that the altered fatty acid composition in the liver and kidney of diabetic rats was restored following treatment with the extract. They recommended use of Aloe vera as an anti-diabetic agent.
Lim et al (22) studied the efficacy of dietary aloe vera supplementation on hepatic cholesterol and oxidative status in aged rats. They found that the aloe-supplemented groups showed approximately 30% lower in the hepatic cholesterol levels. They concluded that life-long intake of aloe had superior anti-oxidative action against lipid peroxidation in vivo, as indicated by reduced levels of hepatic phosphatidylcholine hydroperoxide, and had hypocholesteremic efficacy.
In the present study, administration of AHM didn't result in any change in serum AST, ALT activities, or serum creatinine, indicating its safety to liver and kidney.
Chundan et al (23) validated the hepatoprotective potential of Aloe barbadensis Mill against carbon tetrachloride induced hepatotoxicity. The hepatoprotective activity was evident by restoration of serum transaminases, alkaline phosphatase, bilirubin and triglycerides. It was confirmed by the restoration of lipid peroxidation, glutathione, glucose -6-phosphatase and microsomal aniline hydroxylase and amidopyrine N-demethylase towards near normal. Furthermore, histopathology of the liver tissue supported the biochemical findings.
Bolkent et al (24) found that the degenerative changes observed in the kidney tissue of streptozotocin-induced type-II diabetic rats were diminished when they were given glibenclamide and Aloe leaf gel and pulp extracts. Serum urea and creatinine levels were higher in diabetic rats in comparison to healthy rats. The administration of Aloe gel extract and glibenclamide decreased serum urea and creatinine levels in comparison to diabetic controls. Only A. vera leaf gel extract showed improvement both in histological and biochemical parameters suggesting a protective effect of A. vera on mild damage caused by type-II diabetes on kidney tissue.
Sulfonylurea is initially successful in treatment T2 DM, but it is often associated with failure (25) . This failure also occurs during multi-drug therapy using a combination of sulfonylurea and oral antidiabetic agents with different mechanisms; poor compliance, lack of adequate diet regimen, body weight gain, deterioration of insulin sensitivity, presence of anti-islet cell and anti-glutamic acid decarboxylase antibodies and decline in pancreatic β-cell function which is the strong predictor causative factor (26) .
Obesity increases the risk of diabetes due to insulin resistance. This may be due to the production of various factors derived from the adipocyte that act on fat, liver, or muscle to impair insulin action. Obesity itself is also associated with hyperinsulinemia, and insulin may induce insulin resistance through down regulation of the insulin receptor. Potential candidate substances produced by fat that may cause insulin resistance include tumor necrosis factor (TNF) and other cytokines such as interleukin-6 (IL-6) and adiponectin (27 Aloe vera gel (AHM) act as thromboxane A 2 inhibitor; it promotes vasodilatation and maintains hemostasis within the vascular endothelium as well as within the surrounding tissue (28) . In earlier study we reported that verectin, a glycoprotein, indicated anti-oxidative, anti-thromboxane A 2 synthase inhibittion and cyclooxygenase -2 inhibiting activities in vitro (29) , those of which may be deeply correlated with vasodilatation in DM patients. By use of polyclonal antibody to verectin generated in rabbit serum, it was demonstrated that AHM containing immunoreactive verectin in a ratio of 20% (30) (31) (32) , inhibited serum FBG and triglyceride levels.
The present clinical study was carried out using AHM including polysaccharides (MW about 1,000KD) and verectin (MW 29 KD), with contamination of barbaloin less than 10 ppm and hypoglycemic efficacy for T2 DM patients by oral administration for 12 weeks was revealed without any side effects. Therefore, treatment with AHM may relief peripheral blood vessel complications in diabetic patients through activation of immunosystem. Furthermore, AHM containing about MW 1,000KD was biodegraded by intestinal microbials into oligosaccharides (33&34) which inhibit absorption of glucose moiety through gut membrane (35) .
AHM is high molecular weight natural polysaccharide contains glucomannan polysaccharide with acetyl group (acemannan), The effect of mannan on triglyceride level was estimated by Boban et al (36) as well as Sood et al (37) which is due to inhibition the hepatic production of chylomicron.
Conclusion
AHM with less than 10 ppm of barbaloin prepared by patented hyper-dry system exhibited a significant hypoglycemic effect, it can lower not only the glucose but also the triglycerides level which are often high in diabetic patients with no hepato-and nephrotoxicity.
